Background Signet ring cell adenocarcinoma is a histological classification based on the WHO classification. The presence of this specific histological type is associated with a worse pathological appearance. The prognosis of signet ring cell adenocarcinoma in gastric cancer patients after curative surgery is still under debate. Methods From January 1988 to December 2012, a total of 2971 patients, including 819 early and 2152 advanced gastric cancer patients underwent curative resection for gastric cancer. Among them, there were 185 cases of signet ring cell adenocarcinoma in early gastric cancer patients, while there were 570 cases in advanced gastric cancer patients. Results The overall incidence of signet ring cell adenocarcinoma was 25.4%. Our results showed that the 5-year overall survival rates of early gastric cancer patients with signet ring cell adenocarcinoma and non-signet ring cell adenocarcinoma were 90.7 and 83.2%, respectively (P = 0.001). The 5-year disease-free survival rates of early gastric cancer patients with signet ring cell adenocarcinoma and non-signet ring cell adenocarcinoma were 87.4 and 81.6%, respectively (P = 0.003).
Introduction
Gastric cancer is the fifth most common cancer and the third most common cause of cancer-related death worldwide [1] . Although the prevalence of gastric cancer has gradually declined, the incidence of signet ring cell carcinoma has gradually increased. Signet ring cell adenocarcinoma is defined as poorly cohesive malignant tumor cells with prominent mucin in the cytoplasm and eccentric crescentshaped nuclei. There are several pathological classifications designed for evaluating tumor biological behavior in gastric cancer. According to the Japanese Gastric Cancer Association [2] , signet ring cell carcinoma is defined as an undifferentiated carcinoma. Lauren's classification is currently the most useful and widely applied scheme for gastric cancer [3] . Generally, signet ring cell carcinoma is classified as a 1 3 diffuse type of gastric cancer by definition. In the WHO classification [4] of gastric cancer histological classification, gastric cancer was classified as papillary, tubular, mucinous, signet ring cell, and undifferentiated adenocarcinoma. Signet ring cell adenocarcinoma was defined as having more than 50% of gastric cancer cells. Signet ring cell adenocarcinoma is usually thought to have a poorer prognosis [5, 6] .
Early gastric cancer is defined as a gastric tumor that has invaded no more deeply than the submucosa layer (T1), irrespective of the lymph node metastasis status. Advanced gastric cancer is defined as a tumor that has invaded as least to the muscle layer (T2-T4). The prognosis of signet ring cell carcinoma in early gastric cancer and advanced gastric cancer is still controversial in the literature, especially the prognosis in early gastric cancer. This study aims to investigate the clinicopathological evidence and variations in signet ring cell adenocarcinoma in early and advanced gastric cancer patients.
Patients and methods
From January 1988 to December 2012, a total of 2971 patients diagnosed with gastric cancer underwent curative resection for gastric cancer in the Department of Surgery at Taipei Veterans General Hospital. Prior to surgery, chest radiography, upper gastrointestinal (UGI) endoscopy, and computed tomography (CT) were performed. Patients with definitive evidence of distant organ metastasis or peritoneal seeding did not undergo surgical intervention and were referred to oncologists for evaluation for chemotherapy instead. After laparotomy, peritoneal lavage cytology was collected from each patient. Subtotal gastrectomy was performed for distal or middle third lesions, while total gastrectomy was performed for proximal third lesions. Standard D2 lymph node dissection [7] was performed in patients with curative intent. Patients who could not undergo gastric resection, including bypass surgery or exploratory laparotomy alone, were excluded from this study. All the surgical specimens were examined by experienced pathologists. The gross features of the pathological specimens were evaluated according to the tumor location, tumor size, and Borrmann's classification. Borrmann's classification includes a superficial type, Borrmann type I (polypoid tumor), Borrmann type II (ulcerated tumor with sharp demarcated margin), Borrmann type III (ulcerated tumor without demarcated margins that infiltrates to the surrounding gastric wall), and Borrmann type IV (diffuse infiltrating tumor). Borrmann type I and II tumors are well-defined tumor (localized type), while Borrmann type III and IV tumors have an ill-defined appearance (infiltrating type). The microscopic features of histology, pathology and cell differentiation were analyzed according to the cell grade of tumor differentiation, the stromal reaction type (medullary, intermediate and scirrhous types), Ming's histological classification [8] (expanding or infiltrating type), and lymphovascular invasion patterns. Patients with positive cytology findings after surgery classified as having M1 disease. The staging systems were based on the 8th edition of the American Joint Committee (AJCC) TNM classification for gastric cancer [9] .
After surgery, patients were regularly followed up at the outpatient department every 3 months. Recurrence was defined as the first sign of tumor relapse on imaging, cytological analysis of ascites obtained by abdominocentesis, endoscopic findings of tumor recurrence, and/or metastases identified on a bone scan. The relapse pattern of tumor recurrence was recorded in detail. The follow-up data were prospectively collected and regularly updated. The overall survival (OS) was defined from the date of operation to the date of death or the latest follow-up. The disease-free survival (DFS) was defined as the length of period after surgery for gastric cancer during which the patient survived without recurrence. The recurrent patterns in our series were defined as locoregional recurrence, peritoneal dissemination, distant lymph node metastasis and distant organ (hematogenous) metastasis. Patients could have more than one metastasis at the time of initial diagnosis of recurrence.
In early gastric cancer, signet ring cell adenocarcinoma was defined as more than 50% cancer cells in the mucosa. In advanced gastric cancer, signet ring cell was defined as more than 50% cancer cells in the mucosa irrespective of the deep invasive component. When signet ring cell adenocarcinoma invaded beyond the submucosal layer, the deep invasive component of advanced signet cell carcinoma commonly includes poorly cohesive carcinoma cells with scant mucin [10] . If the mucosa is lost by ulceration, this kind of gastric cancer was classified as non-signet cell adenocarcinoma. Figure 1a shows a pure signet ring cell adenocarcinoma in early gastric cancer while Fig. 1b reveals an advanced signet ring cell containing adenocarcinoma in the deep invasive part. This study was approved by the Institutional Review Board from Taipei Veterans General Hospital (IRB-TPEVGH No. 2017-05-004BC).
All statistical analyses were carried out using SPSS software version 18.0 (SPSS Inc., Chicago, IL USA). Clinicopathological differences were compared with the Chi-square test. Survival was evaluated with a Kaplan-Meier curve analysis and log rank test. Prognostic factors were evaluated with a Cox regression model. A P value < 0.05 was considered statistically significant.
Results
Among all these gastric cancer patients, 25.4% had signet ring cell adenocarcinoma, including 22.6% of patients in early gastric cancer and 26.5% of patients in advanced gastric cancer. In patients with early gastric cancer, the clinicopathological characteristics suggest that gastric cancer patients with signet ring cell adenocarcinoma were younger (P < 0.001), had a greater female/male ratio (P < 0.001), had a smaller tumor size (P < 0.001), had predominant involvement of the middle stomach (P < 0.001), and had more poorly differentiated disease (P < 0.001, Table 1 ).
In patients with advanced gastric cancer, the clinicopathological characteristics indicate that gastric cancer patients with signet ring cell adenocarcinoma were younger (P < 0.001), had a greater female/male ratio (P < 0.001), had a larger tumor size (P = 0.001), had predominant involvement of the middle stomach (P < 0.001), had more poorly differentiated disease (P < 0.001), had a more advanced Borrmann type (P < 0.001), had more scirrhous-type stromal reaction (P < 0.001), were more commonly infiltrating type based on Ming's histology (P < 0.001), had more lymphovascular invasion (P < 0.001), had a greater tumor invasion depth (P < 0.001) and had more lymph node metastasis (P < 0.001, Table 2 ).
The 5-year overall survival rates of early gastric cancer patients with signet ring cell adenocarcinoma and non-signet ring cell adenocarcinoma were 90.7 and 83.2%, respectively (P = 0.001). The 5-year disease-free survival rates of early gastric cancer patients with signet ring cell adenocarcinoma and non-signet ring cell adenocarcinoma were 87.4 and 81.6%, respectively (P = 0.003). The 5-year overall survival rates of advanced gastric cancer patients with signet ring cell adenocarcinoma and non-signet ring cell adenocarcinoma are 32.1 and 37.9%, respectively (P = 0.041). The 5-year disease-free survival rates of advanced gastric cancer patients with signet ring cell adenocarcinoma and non-signet ring cell adenocarcinoma were 28.6 and 35.2%, respectively (P = 0.037). Interestingly, the survival rates of gastric cancer patients with signet ring cell adenocarcinoma between those with early gastric cancer and those with advanced gastric cancer were different than those of patients with non-signet ring cell adenocarcinoma (Fig. 2) .
In early gastric cancer, multivariate analysis with overall survival as an endpoint revealed that age (P < 0.001) and pathological N category (P = 0.005) were significantly correlated in gastric cancer. Lymph node status was an independent prognostic factor for early gastric cancer with signet ring cell adenocarcinoma. However, signet ring cell adenocarcinoma was not an independent predictor for overall survival in early gastric cancer (P = 0.510, hazard ratio: 0.827, 95% confidence interval: 0.471-1.454, Table 3 ).
In advanced gastric cancer, a multivariate analysis with overall survival as an endpoint showed that age (P < 0.001), tumor size (P < 0.001), Borrmann classification (P < 0.001), lymphovascular invasion (P < 0.001), pathological T category (P < 0.001), pathological N category (P < 0.001) and signet ring cell adenocarcinoma (P = 0.017) were significantly correlated with gastric cancer. Signet ring cell adenocarcinoma was an independent predictor for overall survival in advanced gastric cancer (P = 0.017, hazard ratio: 0.878, 95% confidence interval: 0.782-0.973, Table 3 ).
Furthermore, we evaluated the prognosis of signet ring cell gastric cancer in the subgroups of different stages. The results showed that gastric cancer patients with signet ring cell adenocarcinoma had significantly better survival than those with non-signet ring cell adenocarcinoma in stage I disease (P < 0.001). However, the survival difference between signet ring cell and non-signet ring cell adenocarcinoma was not obvious in stage II (P = 0.487) and stage III gastric cancer (P = 0.231, Fig. 3 ). In terms of recurrence after surgery, the overall recurrence rates of gastric cancer patients with and without signet ring cell adenocarcinoma were 26.3 and 18.6%, respectively (P < 0.001). Considering the recurrent patterns, the rates of locoregional recurrence in signet and non-signet ring cell adenocarcinoma were 69/755 (9.1%) vs. 167/2216 (7.5%), respectively (P = 0.160). The recurrence rates of peritoneal seeding in signet and non-signet ring cell adenocarcinoma were 130/755 (17.2%) vs. 153/2216 (6.9%), respectively (P < 0.001). The recurrence rates of distant lymph node metastasis in signet and non-signet ring cell adenocarcinoma were 57/755 (7.5%) vs. 83/2216 (3.7%), respectively (P < 0.001). The recurrence rates of distant organ metastasis in signet and non-signet ring cell adenocarcinoma were 61/755 (8.1%) vs. 209/2216 (9.4%), respectively (P = 0.264). The rates of peritoneal dissemination and distant lymph node metastasis in patients with signet ring adenocarcinoma were significantly higher than in patients with nonsignet ring cell adenocarcinoma. There was no significant difference in recurrence rate between signet ring cell and non-signet ring cell (5.94% vs. 5.21%, P = 0.694) in early gastric cancer. However, there was significant higher recurrence rate in patients with signet ring cell adenocarcinoma than in patients with non-signet ring cell adenocarcinoma in advanced gastric cancer (32.9% vs. 24.0%, P < 0.001, Table 4 ). Signet ring cell adenocarcinoma displayed an increased significance in recurrence and mortality (DFS: P = 0.009, hazard ratio: 0.859, 95% confidence interval: 0.769-0.968) in advanced gastric cancer but not in early gastric cancer instead (DFS: P = 0.399, hazard ratio: 1.154, 95% confidence interval: 0.827-1.610).
Discussion
Our studies found that patients with signet ring cell adenocarcinoma were younger in age than non-signet ring cell adenocarcinoma. Besides, we observed a higher female/male ratio among patients with signet ring cell adenocarcinoma than among those with non-signet ring cell adenocarcinoma. This phenomenon was also reported in other series [11, 12] . Kwon [13] reported that signet ring cell gastric cancer was located in middle stomach in early gastric cancer and in the lower stomach in advanced gastric cancer. Compared with their studies, we found that signet ring cell adenocarcinoma tended to be located in middle stomach both in early and advanced gastric cancer. Although signet ring cell adenocarcinoma has relatively poor clinicopathological features compared with non-signet cell adenocarcinoma, the prognosis of signet ring cell adenocarcinoma is better in early gastric cancer. Nevertheless, patients with signet ring cell adenocarcinoma have a poor prognosis in advanced gastric cancer. Furthermore, we found that signet ring cell adenocarcinoma was an independent predictor of a poorer prognosis factor in advanced gastric cancer. In terms of the prognosis of signet ring cell adenocarcinoma, Maehara et al. [14] and Kim et al. [15] reported that signet ring cell carcinoma has similar prognosis in both early and advanced gastric cancer. Jiang et al. [16] reported that signet ring cell carcinoma is associated with better survival than non-signet ring carcinoma in early gastric cancer but these two types of carcinoma have a similar prognosis in advanced gastric cancer. For signet ring cell carcinoma in early gastric cancer, Ha et al. [17] and Hyung et al. [18] reported that early signet ring cell carcinoma has better prognosis than non-signet ring cell carcinoma. However, there are still some studies that have shown that the prognosis is similar between early signet ring cell carcinoma and non-signet ring cell carcinoma [14, 15, 19] . For advanced gastric cancer, several studies showed a similar prognosis between signet cell carcinoma and non-signet ring cell carcinoma [11, 15, 16] . Taghavi et al. [20] reported a study with more than > 10,000 gastric cancer patients in United States. This registry cohort study showed no significant prognostic difference between signet ring cell carcinoma and nonsignet cell carcinoma in advanced gastric cancer. Another study by Li et al. [21] evaluated a population in Korea, which reported worse prognosis in advanced signet ring Fig. 2 a Overall survival of early gastric cancer patients with signet and non-signet ring cell adenocarcinoma in months, P = 0.001 (log rank test). b Disease-free survival of early gastric cancer patients with signet and non-signet ring cell adenocarcinoma in months, P = 0.003 (log rank test). c Overall survival of advanced gastric cancer patients with signet and non-signet ring cell adenocarcinoma in months, P = 0.041 (log rank test). d Disease-free survival months of advanced gastric cancer patients with signet and non-signet ring cell adenocarcinoma in months, P = 0.037 (log rank test) cell gastric cancer. Previous studies have conflicting results of the prognosis in early and advanced signet ring cell gastric cancer.
Comparing to previous studies, their reports adopted the definition of WHO classification with the definition of more than 50% signet ring cell in the gastric tumor. However, these studies did not clearly define the percentage of the mucosa part or deep invasive part of signet ring cell. Therefore, the incidence of signet ring cell adenocarcinoma varies from 3.4 to 50% [22] . Some advanced gastric cancer without the presence of mucosal signet ring cell may be classified into signet ring cell carcinoma. Therefore, these studies may be dubious for the results without clear definition. Based on the definition, our study is a large-scale study that investigated both early and advanced signet ring cell gastric adenocarcinoma which obtained opposite survival results in these two groups.
In terms of prognostic factors, Chon et al. [23] and Jiang et al. [16] reported that signet ring cell adenocarcinoma was an independent prognostic factor for early gastric cancer but not for advanced gastric cancer. Conflicting results on the prognostic value of signet ring cell carcinoma have also been reported from several studies [22] . In contrast to their studies, even though the survival of early gastric cancer patients with signet ring cell adenocarcinoma was superior to those with non-signet ring adenocarcinoma, we found that the presence of signet ring cell adenocarcinoma is not a significant prognostic factor for early gastric cancer. Except for the lymph node metastasis status, there seem to be few prognostic factors for early gastric cancer in our series. However, there are many prognostic factors in advanced gastric cancer, including tumor size, Borrmann classification, tumor invasion depth (TNM T category), lymph node metastasis (TNM N category) and the presence of signet ring cell. Interestingly, we found that patients with signet ring cell gastric cancer had better survival than those with non-signet ring cell gastric cancer in stage I gastric cancer, but not in stage II or stage III gastric cancer, based on the AJCC staging systems (8th edition). Staging variation in signet ring cell gastric cancer was also reported by Bamboat et al. [12] . Though there was no significant difference in stage II and stage III gastric cancer in our series, we found that the survival curves of signet ring cell adenocarcinoma shifted to below those of non-signet ring cell adenocarcinoma. Perhaps, the prognosis of stage II and stage III signet ring cell gastric cancer is not just influenced by the histological pattern. Since AJCC TNM staging is multifactorial, and includes variable T and N factors, the tumor invasion depth or lymph node metastases status may play a more important role in stage II and stage III signet ring cell gastric cancer.
The indication for endoscopic submucosal resection for early gastric cancer with signet ring cell adenocarcinoma is currently a critical issue for gastric cancer treatment [17, 24] . The general concept of the indications for treatment of early gastric cancer with signet ring cell adenocarcinoma is a gastric tumor that is limited to mucosal layer and without lymph node metastasis. Lee et al. [25] recommended that endoscopic submucosal resection should be less than 1 cm for signet ring cell adenocarcinoma and less than 2 cm for undifferentiated gastric adenocarcinoma. Hyung et al. [18] reported that early gastric cancer had a lower rate of lymph node metastasis. Therefore, less invasive surgery was recommended for early gastric cancer with signet ring cell adenocarcinoma. However, our report showed that the incidence of lymph nodes metastasis is 15.7% in early gastric cancer with signet ring cell adenocarcinoma, while it was 13.4% in early gastric cancer with non-signet ring cell adenocarcinoma. Though there were no significant differences between these two groups, we recommend that endoscopic submucosal resection for signet ring cell adenocarcinoma should be limited to selected cases because of the relatively higher of lymph node metastasis in early gastric cancer. In advanced gastric cancer, lymph node metastasis was found in 80.5% of cases of signet ring cell adenocarcinoma, while 74.1% of cases of non-signet ring cell adenocarcinoma (P < 0.001). Curative gastrectomy with radical lymph node dissection in both signet and non-signet ring cell adenocarcinoma was recommended as therapeutic strategies with curative intent.
There are few literature reports of the recurrence status in signet ring cell gastric cancer. Our series showed that the overall recurrence rates of gastric cancer patients with and without signet ring cell were 26.3 and 18.5%, respectively, P < 0.001. Patients with signet ring cell adenocarcinoma still had higher recurrent rates. Compared to Chon et al. [23] , signet ring cell carcinoma is a borderline predictor of recurrence (DFS: P = 0.066, hazard ratio: 1.15, 95% confidence interval: 0.99-1.34) for advanced gastric cancer; our study found a significant predictor of recurrence in signet ring cell adenocarcinoma for advanced gastric cancer. In addition, the rates of peritoneal dissemination and distant lymph node metastasis in patients with signet ring adenocarcinoma were significantly higher than in those with non-signet ring cell adenocarcinoma. Based on these results, carefully follow-up examinations and more aggressive treatment may be necessary for signet ring cell adenocarcinoma after surgery. Since 2008, adjuvant oral fluoropyrimidine drug S-1 has been prescribed as a treatment, if it is financially affordable for the patient, for stage II or stage III gastric cancer patients in our hospital after curative resection. Signet ring cell adenocarcinoma used to be associated with less sensitivity to chemotherapy than non-signet ring cell adenocarcinoma [10] . However, the response for chemotherapy in signet ring cell adenocarcinoma is still under debate [26, 27] .
This study was a 25-year experience in a single medical center that was based on retrospective investigations. We enrolled large numbers of gastric cancer patients who underwent curative resection and had complete pathological examinations. However, selection bias might have existed in this retrospective study. In addition, our study observed the clinical feature and patient prognosis in gastric cancer. Investigations of genetic alterations and tumor cell behavior in signet ring cell adenocarcinoma should be designed in the future.
Conclusion
Early gastric cancer patients with signet ring cell adenocarcinoma had better survival than those with non-signet ring cell adenocarcinoma. Signet ring cell adenocarcinoma was an independent predictor of poor prognosis in advanced gastric cancer after curative resection.
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